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BEE AR,

TEE: R K 83t A1 4 B 1R 7 4 R % R R ik (PPARS) WY 41 43 A Fn 8 I i 38
TPPARs7e & Ik # # k k H Mo £ 30 & | 7% ot € B PCR(qQPCR) X A # il PPARs 3t [F 3 T
AAEXREZER TR AL TR R LB UK G EMBE T K X 5 IE F PPARsth & & 15 L,
qPCRER B, KEMPPARs3IM T R WAL W & L% £ 7. PPARalfiPPAR02E
TN KL ERLF T THMAL, PPARBE KR ZSH WA NU A+ Lk Kik; PPARyE
REFNEFHIATEEMN T RL. KEZH G FPPARsH mRNAKF M % & & 7+ &
ERBFERNHNEER. PPARaFE B EFrE kA KT REEZRK, ANt E;
PPARBY %k B 14, 20, 23F25 CHZR TR F, YREZE 5 E K ZE 90 HIIRE28
Co, RZBHANTEEFRNIE,; PPARyE14 CHt RF K FRIE, EMERENFE
FWr B me AR KW, KZEEFHFEPPARa. PPARBFIPPARy 3 A, T H = 4 ¥ I
WS T RS SR ARE WA, § k35 E PPARs 37 T & 75 35 JF 38 v i & 3K
A, At PPARsWI#F X ¥t oh 2 K g (R #F K%, 48~ & K PPARsHE fig i (X 1 98 4% DA & ol
R P EEAEA

KEER): K280, JEARE; TR BRI HOE T R(PPARs); R B ki, BiEhe
FEZES: Q78559174 X HkFRERS: A

A A K BT S IR AR AR OG, AR
NARTOK Y, EEE R R AR AER AT

— Mg ama, AI9NFEGIAREE, Bk
R R 3R A Ve T T AR FR A Y ) S R

HEWHER F 22— w2 ke A4 n
B, GIE—RI 2L, FEHEA . mRNA .
BB AR SN HR i A
21 B SN AEYFYI6E, ek AR K
SMRWEGL. PUme I PR AR RS, K
2 0 (Scophthalmus maximus)Fe J5 7= T RN 1 16 1)

WS BHA: 2019-04-18  {&EIAH#A: 2019-06-05
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THRBENA, WS T X — 5 A K 555
ol 1) 5 B30 T, DR ok T L AL 2R 1) F 5 B T
PR BB B AR T B SO AR R
VINIER

R, RIS, 43 R U I
Sae s . IRREHBUEXRED], "k
2 U R B AR K AL S W AR, IR 2R BT
(A TE HR T S R B 38 A 5 R AR
ReW1E 2R T B = REFRY 2 —, TE4E
R0 2R AR M Ry T R R T AR, IR
RFWELSEEEZEWARNEL, REFUR
Z R ARG, AT iR SRR
W EAEENEYE L, RENRE
B, 2SR o AR S N A A7 BIORG #  E 4
i S Ak W R G E W) 30 A2 R (peroxisome
proliferator-activated receptors, PPARs)&— 2% i
BRI, ZEHIE G r 2R
Z—, TE R G B A A OC 3 P Y A s ke 3
FEAEH . PPARsIA) K BT AR M WE (Xenopus
laevis), FfiJ5TE/N R (Mus musculus) ™ #% 58 ™,
ALY . S Wil . bk
PPARsTF#E3FI WAL, BIPPARo. PPARB(HLFK
PPARS)FIPPARy, 4B A TAE A PN 45 AH 1 e 4 3 7%
B, 5408 B 3Z 1A (retinoid X receptor, RXR)IE AL,
SRR, 454 THDNAFS, J#T 5HIRC
LI EP YO S ke N S B X A NS A B M R S|
Y. NFEFIFE G E W PPARsHE N 1 45 kg 1 1)
e . AR DL LA 45 AR A & O T AT T
ITZ MR BITFSE . & BLPPARsHIFRIE N £ 5 g
Jor i dm A AH DG, 8 i 1D R 4 Ak S g I A a5
rh i ) AR, PPARaFI PPARBIIT BE Wi 4%
i A AH O RO, T B b A g A il Y 3R
ik, S HLRARR-SALL, PPARyYE G i fL 2 IF
VTR DA RS IR . a2 PPARs 35 Y
PWF SR DR, HETC &AE 3 Y i (Danio
rerio)'V, 15 &5 (Dicentrarchus labrax)" L)} 41 #&
7R 7 i (Takifugu rubripes)' 55 Z it 25 52 A T
XFPPARs I T 5 vi W RS 8 TAE . KTk
PPARsHA M FEAI 15 B A P 9 i b . A 4 S
R F R R RIABA R, A G
JEPPARSTE B IWh0 T AR 58 20 6 A HR 38

A5 R H 2 5E 5 PCREE AR 43 5 XF PPARs
() 3Ff I Y E AT A e SRR B b, DL R iR
USEROEEN- A TR ORI TR R e s e RN
AW R 22 61 g o A DA K e T 38 T B BT 4R
R IR AL R AL A B 2S5 B0k,

http://www.scxuebao.cn

U bR i

1.1 SCIg#t R

S i R ZE B E AR A B R TR K SR
BN, RN T EEFRMEE . A4
i, R R }9(290.0410.2) g, KK A (18.5+2.1) cm.,

1.2 ABRAIBSHEHE

P B E B 60 fa, 43l A 32 R
M2 mP RS T, A0 . B IR2JE
TR, B SLRMEEEE, & H#K
1R, Freese R FHEALPES % Ndong ¥ 5 vk
JEMAES S . WIS SRR (14, 20, 23,
25F128 °C), Hh14 Clyw iRt JFhR s
¥y, FE(14£0.5) CHFLE12 Wi, MAEAH Rl AL
VEHLI R M0, MS222 Rk I f b s I B . JHE
ELOHE . EREL SKE L B SRR ODLAL R
. B RRN L1240 4 0K 22 BT
12 WAL CRY 7 o 5l B LR B, ERA
SR BE S RFSR 12 hE BUR IR AL 2L . BT BURE ST
Rl it A RNase-Freelf /7485, i HUM AR A IR AE
HFH . LB R MK, AhERnAE
P, PRAEAS SR [R5 T

1.3 Z2RNARE. €255 MM K% cDNA
=97
[=]

% F 3l 40 21 B RN AR BUR 57 & (RN Aprep
pure Tissue Kit, KAR)FEEAE S SRNA, H1%3
N W I H Kk AT Nanodrop 20005 T $2 RNA 1 i 2
FV B HEAT ARSI o ARSI S A A RN AR I 3 5%
i 7 & (TranScript One-Step gDNA Removal and
cDNA Synthesis SuperMix, 4204~ 4 B4
cDNA, —20 CI-A7%H .

14 KHEEPCR

TEHUORZE BT 1 FE 5 B K B-actin iy N S HE 1Y,
PRAL T & 0 DN ARSI AR T i o AR A 22 B i [
L BER PPARa1 . PPARa2. PPARSFIPPARyHE
K ¥ 51, F|H Primer Premier 5.0%K #4796 o g
HWPCRE Wit W6 B 519 47 PCRIN I
X e AT IE, DS iR s . 5l
B SR OGN Y AR i A TAE ) TR ()R
By A BRA W 58

i FH 26 58 it PCRA ARG I K35 68 PPARs K
RNAZKF- A L5 A . BARIRAETT L. Dl14
RS o R 6L O BE . BE. Sk
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B TR WAL BRIE . B BRFNE 121 2H 21
S s (1 cDNAAE B, D R g4 ik BT 4 S
519 P1/P2(PPARal), P3/P4(PPAR02). P5/P6
(PPARB)FIPT/PS(PPARy)(# 1), 7 Applied
Biosystems StepOnePlusPCR ¥ #4413 I 17, % i
TransStart Top Green qPCR SuperMix{#i 15 B, %
FISYBR Green I ik & 2 G dEATY 8 . %
G T PCRAY S MK 22 20 uL: TransStart Top
Green qPCR SuperMix(2x)10.0 uL. | FiiF514)4%
0.4 pL(10 pumol/L)., ROX Reference Dye 1(50%) 0.4
puL. DNAREHR 1.0 uL. RNase-Free Water 7.8 uL.
VAT : 94 CHIAME30s; 94 CAEHES s, 60 C
B K30s, TEFRA0UK, TEDEEIE  PCREE P 45 31
ZJi, ®F PPARal. PPARa2. PPARfS. PPARy
VAL -actin& N B CAER I A A Cik (27229
ST mRNAR AN KI5

®1 ZKEHFAASY

Tab.1 Primer sequences used in the experiment

CIE/EZ S BRI A4 R S HI(5"-3")
primer name gene name primer sequence
P1(S) PPARal ~ CTACTCAAGCCTGGACCTCAACGA
P2(AS) PPARal ~ TCACTGAAGGGACGCCGCA
P3(S) PPARa2 ~ CCCTGATAACACCTTCCTCTTTCCC
P4(AS) PPARa2  TGTCTCGGTCGTCTTGATGTCCTG
P5(S) PPARp ACGGCAAAGGCTTCGTTACC
P6(AS) PPARp CTAATGGCAGCAACAAACAGG
P7(S) PPARy ATCTGAAATACTTCCCCCTCACCAC
P8(AS) PPARy GCTGATGCTCGTCATTCCCAA
P9(S) P-actin CATGTACGTTGCCATCCAAG
P10(AS) f-actin ACCAGAGGCATACAGGGACA

e SIRE RS, ASRRETIIIY
Notes: S represents the upstream primer and AS represents the
downstream primer

FRE, 4PBILATE14, 20, 23, 251128 CHF
LA 12 b5 9 IE L 2L cDNA B AR, 9t
HPCRAG I 5 ik h PPARal . PPAR02. PPARBHI
PPARyMImRNAAH X Fih i, S50 i o
1.5 HIESH

K SPSS 23.05 i AT 44w e it v b, 45
R 49 £45 E 22 (mean+SD)Ew . fifi
Levenef 56 % 75 22 i X S) R #EAT A 56, SR HT 5 I
FI7 22 AT R 4 {H Z (W] 9 22 5%, i Duncan
PR A 30 X B4 FE A7 G2 127 23 B (P<0.0528 & 3 1

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

7K~F), FGraphPadPrism 64X 41 T/E K .
2 4

2.1 KEHFPPARsHIALN FRiAETR

K # - PPARaH 4B 5 Fn DG E
PCRAG I K 22 6F PPARaTE 4 20 i 2 35 (K 1-2),
KEBEPPARaIFE DT RIAE R, BE&T
HoAl 20 21 (P<0.05), B JUE R H A A 9 3R 58 IR
Z, FERP A RS R RS, A R L
TR R PPARoN 55 . KEEHEPPAR02 S PPAR0
)22 iR B AL, A O I 33k B 3% (P<0.05)

[\
(=]

+

PPARa1 FIX RIE &
relative expression of PPARal
S

_—

q
9 10 11 12
H

=N
tissues

(@)

1
30

20 + b

d
10 d
ﬂ uiNk:
¢
0 Ij:llj:l mméii
7 8 9

PPARG2 X FIE
relative expression of PPARo2

El1 PPARal(a)F1 PPARe2(b)7E X2 4T
EMARPHREDD
L, 20344, 33K, 4.8 E, 5. 00E, 6 HFIE, 7.0, 8. 4L
W, 9.8, 10. Bk, 11E, 12,88, AS[E B 4 ) 2
583 (P<0.05), KR
Fig.1 Distribution of PPARa1(a) and PPARa2(b) in
various tissues of S. maximus

1. brain, 2. pituitary, 3. head kidney, 4. kidney, 5. heart, 6. liver, 7.
intestine, 8. muscle, 9. stomach, 10. skin, 11. spleen, 12.gill, different

letters represent significant differences between groups (P<0.05), the

same below
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(Fl1-b), B WEFSFE A RIA IR Z . PPARal
FIPPARa2AHA (1) 2 3k 458 38 75 — 3 7T g K #5256
Rl Tige, T HE O PR R &R
ik, PPARaV] REFELE P & FERRBEIVEF o

K & EFPPARPHI LA A PPARPIER
B3 OGN NS = SN = 1 TN
BE HFRE. B, WLPR . B . Bk JBBE A )
EIA R BE, PRI R RS
FHMAL, MhREBRZ, EOE. H
JE . WA At A e i 3k (K12).

K E SEPPARy# AR 5 F pNER
PPARy%: H ) mRN A K 15 7K F- 3 & 2¢ % € &
PCRAYALIN )5 , I 5 PPARal. PPARo2LL I
PPARBW B AR A LU i ki s, PPARyTE K32
i 1y 8 v R BT S R T i 38 (P<0.05), WUk
s R Rk Rk 2z, T A 4 2 Rk

EEDRTE AP =L (KB
25
= .

iE & 20

+

ﬂéé 15

§gl()

S

g:.g 5 cd
md ol
= 0 Eh d]lj:ll:l

2 3 4 5 6 7
QE.//\

tissues

9 10 11 12

2 PPARPEARZESTENBLAPNRIEN T
Fig.2 Distribution of PPARp in various

tissues of S. maximus

2.2 KEHYS i PPARsT =R B8 890 R AR =

S50 R T 28 Ak ek W 2 Ak A AN TR 3 B
T K ZE B B IE PPARsHE I mRNAZK - ) 3 15 48
b, PPARsI3A- W RURH 25 B T, IR
] AR fE X

KT PPARo FIPPARG2 5 31 HY 25 () ) Ui
FEm AR, FEIEH KR 14 C, PPARa1F
PPARc2E A B Wik, Bl & Tt BE 1Y 248 ¥ T
B, HEBRBEALE20 CRAR TR, mEs
TR Ak 2L TH R, kK S BUAS [A] A2 1)
FhE, HiRPPARo2W R IR K- ILHE Jy g
(P<0.05)(IK14), KZZEEPPARPI T L EAELS,
20, 23f125 CHf =R A RE, WMREF&SE
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(]

+

[

E md d
d d
Orﬁdr]_lrl—l. L rﬁmdﬁﬂﬁ
1 2 3 4 5 6 7 8 9 1011 12
él[//\
tissues

PPARy MIXI Hi5 &
relative expression of PPARy
[o)

3 PPARyEREZEHZNHAHIHRESH
Fig. 3 Distribution of PPARYy in various

tissues of S. maximus

KEEGF RS IR 28 CH, PPARBHYZEIA T HI
TR FHPERY T (P<0.05)(1815). BE A i 4 T
B, KRR PPARyI 5 B 5 At 34 it
N 58 4 AN Rl 1 Rk a3, b FIE# A KR
REZ 8T Erh PPARyRY Rk AKCFARAK, Bl 5 Tk B
MIRWI T, PPARyIZR IR AW 115, PPARy
()35 T AE 28 TR HLAE 14 °C R 1065 (51 6).

3 iR

0 25 i oA I S B AR 57 B 9 1 AR,
Ho % 2 R T A2 U T R R U R AR Y
BEE AT — PPk B R X A2 R
()22 IR 7K FNTG MR AT IR, DTS & fh X e
2 AR ) Ui A A QISR G 3 PR A Rk AR,
KW, PPARsFEZA o, B, yINWAL, 2
VR G 7 Ao AR B 3 B A2 A

BT LE FAE W] K22 Y HAA T 2131 PPARa
PPARBFIPPARyWI IR, 1 H ik 2Fh 2SR (1)
PPARa, %% N PPARal1 M PPARa2, PPARa .
PPARBFIPPARy 3% W 51 ¥ K 35 6 K 2 5 4 21
YARE, HERIEAGFEREES, AW
1 FR A A /R =3 AT RE DA A LR S M =K
Z 5IREM R . FEFLs W, PPARa—
TR 2 A D BE R 2 50 IR A G Ay a4,
2R N I 1R A A S o0 I WAL 408 9T 75 R o 1) B2
KU . Urbatzka%F U BIF 5% 25 5 3R W] K35 61 Y
PPARaVAECME . B ME I R o 58 s 1 2%
ik, PPARo2F: Sk b sy ik T ke, HoG E
1 PPARa2 mRNAZK A f 68 . WL . JH RN
i 45 2H 2L 5~ 1045, A 52 56 25 Al 3% 1] R 32 6
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BRI AH DG £: X PPARs 1 2 4R 3235 e A =

iy SERE A 519

— — )
[} (%] (=}

PPARo1 FIX ik &
relative expression of PPARal
(=]
93

(e

b
bbrh{
1 2 4 5

/mf;

temperature

@

—_ — &)
(e} (%] S
<

PPARe2 X RIL &
relative expression of PPARo2
(=]
n

(]

c c ﬁﬁ
1 2 3 4
IR
temperature

(b)

& 4 KXZEE'SPish PPARal(a)#1 PPAR02(b)TEEER
A ELRE BB T I mRNARIA K F

Fig. 4 mRNA expression levels of PPAReal1 (a) and
PPARGa2 (b) in the kidney of S. maximus under normal
temperature and different temperature stresses
1.14°C, 2.20°C, 3.23°C, 4.25°C, 5.28 C, the same below

PPARa1MIPPAR0o2 F B i ik T 0 E . B HELL )
Hiki 46 B I R AR R B = AL 2N, X $7R PPARa
ERZEBEH A DIREvT e 5L AL, O
JUE 1 B B AR R A rh AR AR, AR
TN KZEZBER PPARB) 2 0 A T4 AW, T
JUE MO R AL PR A 2 2 rh ) 3RS
B s T A A1 20, X 5 Batista-Pinto 55 "X} il 14
515 B2 L. i HL XS BE S Y i 5T 3R A
PPARBTEAGZEFIE . BFE . 0o JIEFIATL A 25 2H 21

#HA ) Z A, JEHAENLA T RS R
T PPARaFIPPARY™" , HTI 5T KW PPARBE
RN E ) NS AN TR NP WNE i e i
M AN DI BE, X5 A R i R B %)
KF, KEEOTIPPARyE L 5 PPARal . PPAR02
VL K PPARBI B AR UL A B, PPARyTE
kﬁﬁ%%*&ﬂTE%@%mﬁﬁo%x&
ZEPANE A6 85 (Lateolabrax japonicas)i) PPARyWF 58 445

[l 7K 77 % 45 /) sponsored by China Society of Fisheries

25 ¢
20} _}
15+t
b
10F b .
0.5 t b "[“
0 1 1 1 1
2 3 4

I

temperature

PPARP HHXT R IE &
relative expression of PPARS

5 KZFEFEJE PPARPE R BMAEIRE
B8 T M mRNAZRIA 7K
Fig.5 mRNA expression levels of PPARf in the kidney
of S. maximus under normal temperature and

different temperature stresses
30 1 a

20 1

10

b be
e 0 [ |
T2 3 4 5

L

temperature

PPARy X ik &

relative expression of PPARy

g 6 AEGFEHEF PPAR/ER EMFEIRE
B8 T B mRNARIA K F
Fig. 6 mRNA expression levels of PPARYy in the kidney
of S. maximus under normal temperature and

different temperature stresses

LW, FE870) PPARyFESY | T F1 AR i 2 218
FAIs, ARG IR — 8, M A
f@ﬁrﬁ%ﬂﬁ% MR —ANEENZI
REwn B, 1 H a2 0 B8 EL A AR K 2 I e 1w A,
HM%E@%IEME%&%ﬁEEZ#”om
W HE W K ZE B PPARyTE S8 b ) 4 SR A vl aE S
BE A LA R A G REMIFR R,
102 A R 2 2L88 B B8 B AR is AR R R
25, ARHALZEMIERAUEENER S
ZH ZUERE I T BE AR S MR R HE X BB A W R B AN (]
P PPARo, PPARBHIPPARyZ1 2R M)
oA e, AR AT R SRS A 20 LR ER B 09 A B AR
W 25 S I G T A
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44 %

W £, KR RGN AEZE, H
BLAA 11 1 10 R AR 15 40 2> & 2B B W el AR . ARHIE SR
FEUH Bt TE R b 20 AR ORI R, KR T
B Il PPARsHE R [ RN A ZK S 52 31 H A [ Fi6) g o7 A
Ko HAETHE MK, 6087w e =,
o1 BT A4 S B A1 1 i 107 2 B- AR Ak R IR AE T, iR
JE TV R PPARaZR IR /K- I A, 1T BB 5 i T W
B, ML R AU B i B A i e koK A
G EAACHI AT OB KREE BT PPARBIN ik
HAE14, 20, 23F125 CHEZ AR E, 124 iR
FE T 2 R T R BAE R BE 28 C Ry, PPARP
) 2k BT R A T, I OK 35 6
PPARBAL S e iR Ak A G, & 5 fe i V-4
() 2 35 2 AR G o T AL F IE R A KR R R SR
BF 5 I H PPARyWY 235 KRG, Bl R A
Wi+, PPARyHY F ik KR i, il 7Y
AT RE IR EE M2k, 255 E N7
FE B R oA ) U8 0 R . I LA 5T R
B, W FL 3 0 PPARSTEN 8 %32 vh K 36 S 5%
PIFERY, PPARy N T T IR K& E b KR
omega-325 AN AR 5 R 0 B E AR 4 B, =
HEZXLPSTE S 1) 2 MM 0 i AR o E B S
PPARyW BTG A XY HEI K32 67 PPARyWE 4 1
EF R, RIBAKFEHAKTE, SEiRsIERP
B SR A SV XRR, (HEXTEFEE
Yy ix 77 B SE B A RGE , R A R — 2
HA

ARG R IR Z G A7 E PPARo.. PPARBFI
PPARy 3Fh WAL, i H = 3 n] B8 LA 4 2R Sk Y
7S HIERAAW IR, Bk AE R EE
PPARs 37 V. 750 7 5 B Jip 38 w52 30 AN (] %) i) iz
B, SR BARPLE A TSR, B
AT, KT PPARs 3F0 W &I (1) AF 57 K5 43 18 J& 15
mRNAK-FF R, @5 it — A5 8 & (s iR b 2
F 7K ST 19 56 50F A 58 78 43 1) BH £ 28 )18 BRI R (132
VR 205 NI AL, 00k 2 4 3h a2 B B
Wt — LR A, 7R 2 PPARSTE R B AR
AR LA R ) 1N 35 35 ol 3E v S AR

SE R
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intoxicated rats[J]. Biomedicine & Pharmacotherapy, isoliquiritigenin on LPS-induced acute lung injury by
2018, 99: 504-510. activating PPAR-y[J]. Inflammation, 2018, 41(4): 1290-
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Tissue expression of lipid metabolism related genes PPARs and
their responses to heat stress in turbot (Scophthalmus maximus)

ZHAO Tingting "*’,  YANG Shuangshuang ',  MA Aijun ", HUANG Zhihui ",
SUN Zhibin ’,  WANG Xin’an "7, XIA Dandan "’

(1. Shandong Key Laboratory of Marine Fisheries Biotechnology and Genetic Breeding,
Qingdao Key Laboratory of Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China,
3. Laboratory for Marine Biology and Biotechnology,
Pilot National Laboratory for Marine Science and Technology, Qingdao 266237, China)

Abstract: Scophthalmus maximus is a commercially valuable flatfish and one of most promising aquaculture
species in Europe. Since S. maximus was introduced into China in 1990s, it has been a major maricultured fish in
northern coastal areas of China. As a kind of cold-water fish, S. maximus has strict requirements for breeding
temperature, which greatly limits the breeding range of this important marine fish. Therefore, it is of great research
significance to explore the mechanism of heat-resistance in turbot. In this paper, tissue distribution of PPARs and
the expression of PPARs in kidney at different temperature were analyzed by gPCR.The results showed that there
are significant differences in the tissue distribution of the three subtypes of S. maximus PPARs. PPARal and
PPARa2 were markedly expressed in the heart, PPARS was widely distributed in various tissues of S. maximus,
while PPARy was significantly expressed in the gill of S. maximus. What's more, the transcript abundance of
PPARs in S. maximus kidney showed different response patterns to the elevated temperature. At 20 C, the
expression level of PPARa diminished dramatically and then increased with the elevated temperature. The
expression of PPARp was not significantly different at 14, 20, 23 and 25 ‘C, however, its transcript abundance
increased significantly when the temperature was increased to the lethal temperature of S. maximus at 28 “C. The
expression level of PPARy showed a tendency to increase with increasing temperature. In summary, our results
revealed that there are three subtypes PPARa, PPARS and PPARy in S. maximus, which may be involved in the
regulation of lipid metabolism in a tissue-specific manner, and more importantly, the expression of three subtypes
of PPARs under thermal stress was pointed out for the first time. Collectively, these studies will shed light on the
regulation mechanism of PPARs on lipid metabolism in the kidney of S. maximus during heat stress, which will
promote the further study of fish lipid metabolism.

Key words: Scophthalmus maximus; lipid metabolism; peroxisome proliferator activated receptors (PPARs); gene
expression; heat stress
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